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TNF-    Tumor-Nekrose-Faktor-α 
GM-CSF    Granulozyten-Makrophagen-Kolonie-stimulierender Faktor 
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1. Pro- und anti-inflammatorische Faktoren und deren Rolle bei Entstehung und 
Kontrolle der Entzündung 
 
Viele Entzündungserkrankungen sind durch eine überschießende und unkontrollierte 
Ausschüttung von pro-inflammatorischen Zytokinen charakterisiert. Einer der zentralen 
Regulatoren einer vermehrten Ausschüttung dieser entzündlichen Zytokine ist der Nukleäre 
Faktor kappa B (NF-B). NF-B ist ein Transkriptionsfaktor der die Transkription einer Reihe 
von Genen reguliert, die in der Entzündung und bei der Entstehung von Krebs eine zentrale 
Rolle spielen. Eine Dysregulation von NF-B spielt eine wichtige Rolle bei chronisch 
entzündlichen Erkrankungen wie etwa der rheumatoiden Arthritis, der Psoriasis oder chronisch 
entzündlicher Darmerkrankungen.  So werden zum Beispiel viele pro-entzündliche Zytokine – 
wie etwa IL-1, TNF-, IL-2, IL-6, IL-8 und auch IL-12 - transkriptionell durch NF-B 
reguliert, die bei der Pathogenese chronisch-entzündlicher Darmerkrankungen wie Morbus 
Crohn oder Colitis ulcerosa zentral beteiligt sind (Schottelius und Baldwin, 1999). Bei diesen 
Patienten wurde die aktivierte Form von NF-B in der entzündeten Mukosa gefunden 
(Schreiber, Nikolaus et al. 1998). Auch andere Transkriptionsfaktoren wie etwa Signal Transducer 
and Activator of Transcription (STAT) 1 wurden im entzündeten Gewebe von Patienten mit Colitits 
ulcerosa gefunden (Schreiber, Rosenstiel, Hampe, Schottelius et al. 2002). Während in der 
Entzündung und in undifferenzierten intestinalen Epithelzellen IL-1 NF-B stark induzieren 
kann, geht diese IL-1-induzierte NF-B Aktivierung interessanterweise mit zunehmender 
Zelldifferenzierung verloren (Böcker, Schottelius, Watson, Holt, Licato, Brenner, Sartor, Jobin 
2000).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abbildung 1: Effekte verschiedener anti-entzündlicher Wirkstoffe auf NF-B 
Glukokortikoide binden an den Glukokortikoid-Rezeptor, der direkt an den p65/p50 Heterodimer 
binden und diesen inhibieren kann (Transrepression). Glukokortikoide inhibieren NF-B auch durch die Induktion 
von IB (Schottelius and Baldwin, 1999) 
 
NF-B wird in vielen Krebsarten konstitutiv aktiviert gefunden, wo es verschiedene 
Tumor-fördernde Wirkungen ausübt. Diese Tumor-fördernde Wirkung wird weiterhin durch 
die Beobachtung unterstützt, dass Patienten mit einer chronischen Entzündung ein höheres 
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Krebsrisiko haben. So ist etwa die chronische Entzündung bei den chronisch-entzündlichen 
Darmerkrankungen (CED) ein Risikofaktor für das CED-assoziierte kolorektale Karzinom 
(KRK), das etwa 5% aller kolorektalen Karzinome ausmacht (Schottelius, Dinter et al.  2006; 
Schottelius und Dinter 2006). Obwohl die molekularen Mechanismen der Verbindung 
zwischen CED und KRK nicht gut verstanden sind, weisen präklinische Modelle auf eine Rolle 
des Transkriptionsfaktors NF-B hin. Zum einen reguliert NF-B die Expression 
verschiedener Zytokine und moduliert dadurch den Entzündungsprozess in CED. Zum 
anderen stimuliert NF-B die Proliferation von Tumorzellen und verlängert deren Überleben 
durch die Regulation anti-apoptotischer Gene (Chu, McKinsey, Liu et al.). Zudem konnte 
gezeigt werden, dass die meisten Karzinogene und Tumor-Promotoren NF-B aktivieren, 
während chemopräventive Stoffe generell diesen Transkriptionsfaktor hemmen. In der Tat gibt 
es vielfältige Hinweise dafür, dass NF-B Krebs erzeugen könnte. Dazu zählen die 
Erkenntnisse, dass NF-B-kontrollierte Gene Onkogene sein können, und dass dieser 
Transkriptionsfaktor die Apoptose, die Zell-Zyklus Progression, sowie die Zellproliferation 
und möglicherweise auch die Zelldifferenzierung kontrolliert (Baldwin 1996). So stimuliert 
etwa onkogenes H-Ras über PI3K und Akt die transkriptionelle Aktivität von NF-B und 
unterdrückt dadurch die Apoptose (Madrid, Wang, Guttridge, Schottelius und Baldwin, 2000).  
 
Das pro-entzündliche Zytokin TNF-, ein starker NF-B Aktivator, ist in den chronisch-
entzündlichen Darmerkrankungen, der rheumatoiden Arthritis und in der Psoriasis ein 
Hauptfaktor in der Entzündungs-Pathogenese (Übersicht in Schottelius, Moldawer, Dinarello, 
Asadullah, Sterry, Edwards, 2004). Ähnlich wie IL-1, ist TNF- ein zentraler Regulator der 
angeborenen Immunität. Die durch TNF- vermittelte Entzündungsantwort wird über IL-1, 
aber auch über mehr distale pro-inflammatorische Zytokine vermittelt, darunter IL-1, IL-4, IL-
6, IL-12, IL-18 oder IFN. Die Expression von TNF- wird durch verschiedenste Stimuli 
induziert, darunter Viren, Bakterien, Tumor-Zellen, Komplement und eine Reihe von 
Zytokinen (Übersicht in Schottelius, Moldawer, Dinarello et al. 2004). Eine der Signalkaskaden, 
die durch diese Stimuli zur Produktion und Ausschüttung von TNF- führen, wird über die 
Kinase p38 und die darunter liegende Mitogen-aktivierte Protein Kinase-aktivierte Protein 
Kinase 2 (MK2) vermittelt. Die pharmakologische Blockierung dieser Kinasen ist auch das Ziel 
therapeutischer Ansätze mit niedermolekularen Substanzen.  
Ein wichtiger Bestandteil jeder Entzündung ist die Einwanderung von Leukozyten in das 
entzündete Gewebe. Die Einwanderung der Leukozyten ist durch eine Kaskade von 
Aktivierungsschritten charakterisiert, an deren Anfang das Anhaften der Zellen an die 
Innenwand der betroffenen Gefäße steht (Springer 1994). Hierbei erkennen E- und P-Selektine 
auf der Gefäßoberfläche bestimmte Karbohydrat-Epitope auf der Oberfläche der Leukozyten, 
welche für ihre Funktionalität durch Fukoslytransferasen zuvor fukosyliert worden sein müssen 
(de Vries, Knegtel, Holmes et al. 2001; Maly, Thall, Petryniak et al. 1996; Schottelius, Hamann 
und Asadullah 2003; Syrbe, Jennrich, Schottelius et al. 2004).  
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 Abbildung 2: Rollen und Extravasation von Memory T Zellen in der kutanen Entzündung                      
(Schottelius et al, Trends in Immunology 2003) 
 
Die Fukosyltransferase VII scheint besonders für die kutane Immunität wichtig zu sein, da 
Knock-out-Studien in FucVII -/- Mäusen eine stark verminderte Entzündung in 
Hautentzündungsmodellen zeigen konnten (Schottelius, Lowe und Asadullah 2002; 
Schottelius, Asadullah und Hamann 2004). 
Darüber hinaus spielen Chemokine und ihre Rezeptoren bei der Einwanderung von 
Leukozyten in das entzündete Gewebe eine bedeutende Rolle. So konnte in entzündlichen 
Hauterkrankungen, wie etwa der Psoriasis,  den Chemokin-Rezeptoren CCR4 und CCR10 eine 
Schlüsselrolle für die hautspezifische Einwanderung von T-Zellen zugeschrieben werden 
(Reiss, Proudfoot und Power, 2001).  
 
2. Entzündungserkrankungen können mit therapeutischen Antikörpern und 
kleinmolekularen Substanzen erfolgreich behandelt werden 
 
Viele Faktoren, die der Entzündung entgegenwirken, üben ihre anti-inflammatorische 
Wirkung zumindest teilweise durch die Unterdrückung von NF-B aus. So werden seit vielen 
Jahren Glukokortikoide erfolgreich in der Behandlung chronisch entzündlicher Erkrankungen 
therapeutisch eingesetzt. Die starke therapeutische Wirkung von Glukokortikoiden kann durch 
ihre Hemmung von NF-B als einen der Hauptregulatoren der Entzündung erklärt werden 
(Scheinmann 1995). Der größte Teil der anti-inflammatorischen Wirkung von 
Glukokortikoiden wird durch einen Transrepressions-Mechanismus ausgeübt, bei dem die 
Expression pro-entzündlicher Faktoren auch durch eine Hemmung von NF-B vermittelt 
wird. Da Glukokortikoide nach längerer Gabe jedoch auch Nebenwirkungen, wie etwa eine 
zunehmende Atrophie der Haut hervorrufen können, hat sich die pharmakologische 
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Forschung in der Industrie lange Zeit mit der Suche nach neuartigen sogenannten dissoziierten 
Glukokortikoid-Rezeptor Agonisten befasst und auch solche Substanzen identifizieren können 
(Schäcke und Schottelius 2004). Diese SEGRAs (selective glucocorticoid receptor agonists) Substanzen 
zeigen eine gesteigerte Transrepression bei verringerter Transaktivierung und konnten 
hierdurch in Entzündungsmodellen eine Verringerung von Nebenwirkungen bei erhaltener 
anti-entzündlicher Wirksamkeit zeigen.  
Offenbar spielt auch die Sensitivität der Glukokortikoid-Rezeptoren in verschiedenen 
Entzündungserkrankungen eine Rolle beim Ansprechen der Therapie mit Glukokortikoiden. 
So konnte beispielsweise in peripheren mononukleären Zellen von Patienten mit chronisch 
entzündlichen Darmerkrankungen eine höhere Expression des Glukokortikoid-Rezeptors mit 
erhöhter Dissoziationskonstante als Zeichen niedriger Affinität festgestellt werden. Diese 
Beobachtung könnte mit einer verringerten Sensitivität gegenüber exogenen und endogenen 
Glukokortikoiden erklärt werden (Schottelius, Wedel, Weltrich et al.  2000).  
Auch für das anti-inflammatorische Zytokin IL-10 konnte gezeigt werden, dass es andere 
pro-inflammatorische Zytokine zumindest teilweise durch eine Inhibierung von NF-B 
unterdrückt. Diese IL-10-vermittelte Blockade von NF-B wird über eine Hemmung der IB 
Kinase und durch eine Blockade der DNA-Bindung von NF-B vermittelt (Schottelius, Mayo, 
Sartor und Baldwin et al. 1999). Zusätzlich induziert IL-10 auch eine selektive Induktion der 
nukleären Translokation und DNA-Bindung von NF-B-inhibierenden p50 Homodimeren 
(Driessler, Venstrom, Sabat, Asadullah und Schottelius 2003).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abbildung 3: Schema der IL-10 vermittelten Inhibierung von NF-. Inhibition der IKK Aktivität und 
Stabilisierung von IB, damit Inhibition der nukleären Translokation von p65/p50 Heterodimeren. 
Selektive Expression von p105/p50 Heterodimeren und nukleäre Translokation von repressiven p50 
Homodimeren (Schottelius et al 1999; Driessler und Schottelius 2004) 
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Welche zentrale Rolle TNF- bei Entzündungserkrankungen spielt, zeigt der große 
therapeutische Erfolg beim Einsatz von monoklonalen Antikörpern wie Infliximab oder 
Adalumumab, die dieses pro-inflammatorische Zytokin sehr effektiv neutralisieren (Übersicht in 
Schottelius, Asadullah, Sterry, Edwards 2006).  Bei der Behandlung der rheumatoiden Arthritis und 
der multiplen Sklerose werden neuerdings auch neutralisierende monoklonale Antikörper gegen das 
pro-entzündliche Zytokin GM-CSF mit Erfolg klinisch getestet (Behrens, Tak, Ostergaard, 
Schottelius und Burkhardt et al. 2014; Schottelius 2013). GM-CSF wird in Patienten mit 
rheumatoider Arthritis in höherer Konzentration im entzündeten synovialen Gewebe und der 
Synovialflüssigkeit gefunden (Alvaro-Gracia, Zvaifler, Brown et al 1991; Wright, Bucknall, Moods 
et al. 2012). Patienten, die GM-CSF als supportive Therapie erhielten, erfuhren eine 
Verschlimmerung ihrer rheumatoiden Arthritis (de Vries, Willemse, Biesma et al. 1991). Sowohl die 
Inhibierung des Zytokins GM-CSF durch einen neutralisierenden Antikörper, wie auch die 
Inhibition der Signaltransduktion durch Blockade des GM-CSF Rezeptors haben erste 
erfolgsversprechende therapeutische Wirkungen gezeigt (Behrens, Tak, Ostergaard, Schottelius und 
Burkhardt et al 2014; Burmester, Weinblatt, McInnes 2011). Derzeit werden beide therapeutischen 
anti-GM-CSF/GM-CSF-Rezeptor Ansätze in Phase II/III Studien weiter geprüft. Präklinisch 
konnte der Einsatz von monoklonalen Antikörpern gegen die Chemokin-Rezeptoren CCR4 und 
CCR10 in der Maus effektiv das spezifische Einwandern von T-Zellen in die entzündete Haut 
verhindern (Wang, Fujita, Schottelius et al. 2010). 
 
 
 
 
 
 
 
 
 
 
Abbildung 4: Wirkungsmechanismen des gegen GM-CSF gerichteten monoklonalen Antikörpers MOR103 
(Webseite der MorphoSys AG).  
 
Neben monoklonalen Antikörpern sind auch eine Reihe von neuartigen anti-entzündlichen 
Lipid-Mediator Analogen und niedermolekularen Substanzen auf ihre Wirksamkeit in Tiermodellen 
der Entzündung getestet worden. So zeigen etwa Lipoxin A4 Analoge eine starke anti-
inflammatorische Wirkung in Modellen der Hautentzündung (Schottelius, Giesen, Asadullah et al. 
2002; Guildford, Baumann, Skuballa, Schottelius et al. 2004). Auch niedermolekulare Inhibitoren 
der (Mitogen-activated protein kinase-activated) MAP Kinase 2 haben gute anti-entzündliche Effekte in 
Hautentzündungsmodellen zeigen können (Schottelius, Zügel, Döcke et al. 2010). Die 
pharmazeutische Industrie hat zudem versucht, niedermolekulare Substanzen zur Inhibierung der 
Fukosyltransferase VII zu identifizieren (von Ahsen, Voigtmann, Klotz, Schottelius et al. 2007).  
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Abbildung 5: MK-2 liegt in der Signalkaskade unterhalb p38 und ist an der Produktion von TNF und anderen 
pro-entzündlichen Zytokinen beteiligt (canonical and non-canonical activation of the p38 pathway, Fyhrquist et al 
2010) 
 
 
 
3. Zusammenfassung und Ausblick 
 
Die durchgeführten Arbeiten beschreiben wichtige molekulare Mechanismen der 
Pathogenese häufiger Entzündungskrankheiten. Der anti-entzündliche Mechanismus des 
zentralen entzündungshemmenden Zytokins IL-10 konnte entschlüsselt werden. Diese 
Erkenntnisse haben auch zur Erforschung und präklinischen Entwicklung neuartiger 
niedermolekularer Substanzen für die Behandlung entzündlicher Hauterkrankungen und 
anderer Entzündungserkrankungen geführt.  
In der Behandlung der rheumatoiden Arthritis konnten erste bedeutende therapeutische 
Erfolge durch den Einsatz eines neuen gegen GM-CSF gerichteten monoklonalen Antikörpers 
erzielt werden. Diese Substanz hat auch erste erfolgsversprechende Daten in der multiplen 
Sklerose erzielt und wird nun in weiteren klinischen Studien in der rheumatoiden Arthritis und 
der entzündlichen Osteoarthritis der Hand an Patienten erprobt.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Habilitationsschrift - Dr. med. Arndt Schottelius 
10 
 
 
Literaturverzeichnis 
 
1. Alvaro-Gracia JM, Zvaifler NJ, Brown CB, Kaushansky K, Firestein GS (1991). 
Cytokines in chronic inflammatory arthritis. VI. Analysis of the synovial cells involved in 
granulocyte-macrophage colony-stimulating factor production and gene expression in 
rheumatoid arthritis and its regulation by IL-1 and tumor necrosis factor-alpha. 
J Immunol 146, 3365-3371.  
 
2. Baldwin, AS (1996) The NF-kappa B and I kappa B proteins: new discoveries and 
insights. Annu Rev Immunol 14, 649-683.                                                                                                                                            
 
3. Behrens F, Tak PP, Ostergaard M, Stoilov R, Wiland P, Huizinga TW, Berenfus VY, 
Vladeva S, Rech J, Rubbert-Roth A, Korkosz M, Rekalov D, Zupanets IA, Ejbjerg BJ, 
Geiseler J, Fresenius J, Korolkiewicz RP, Schottelius AJ, Burkhardt H. (last authors 
contributed equally) (2015). MOR103, a human monoclonal antibody to granulocyte-
macrophage colony-stimulating factor, in the treatment of patients with moderate 
rheumatoid arthritis: results of a phase Ib/IIa randomised, double-blind, placebo-
controlled, dose-escalation trial. Ann Rheum Dis 74, 1058-1064.                                                                                     
 
4. Böcker U, Schottelius A, Watson J, Holt L, Licato L, Brenner DA,  Sartor RB and Jobin C 
(2000). Cellular differentiation causes a selective down-regulation of interleukin (IL)-1 
beta mediated NF-kappa B activation and IL-8 gene expression in intestinal epithelial 
cells. J Biol Chem 275, 12207-12213.                                                                                                                                    
  
5. Burmester GR, Weinblatt ME, McInnes IB, Porter D, Barbarash O, Vatutin M, Szombati 
I, Esfandiari E, Sleeman MA, Kane CD, Cavet G, Wang B, Godwood A, Magrini F; 
EARTH Study Group (2013). Efficacy and safety of mavrilimumab in subjects with 
rheumatoid arthritis. Ann Rheum Dis 72, 1445-52.                                                                                                
 
6. Chu ZL, McKinsey TA, Liu L, Gentry JJ, Malim MH, Ballard DW (1997) Suppression of 
tumor necrosis factor-induced cell death by inhibitor of apoptosis c-IAP2 is under NF-
kappaB control. Proc Natl Acad Sci U S A 94, 10057-10062.                                                                                                                                                              
 
7. de Vries T, Knegtel RM, Holmes EH, Macher BA. (2001). Fucosyltransferases: 
structure/function studies. Glycobiol 11, 119R-128R.  
 
8. de Vries EG, Willemse PH, Biesma B, Stern AC, Limburg PC, Vellenga E (1991).                                                 
Flare-up of rheumatoid arthritis during GM-CSF treatment after chemotherapy. 
Lancet 338, 517-518. 
  
9. Driessler F, Venstrom K, Sabat R, Asadullah K and Schottelius AJ (2003). Molecular 
mechanisms of Interleukin-10 to inhibit NF-kappa B activity: a role for p50. Clinical 
Experiment Immunol, 135, 64-73. 
Habilitationsschrift - Dr. med. Arndt Schottelius 
11 
 
10. Fyhrquist N, Matikainen S, Lauerma A (2010). MK2 signaling: lessons on tissue specificity 
in modulation of inflammation. J Invest Dermatol 130, 342-344. 
 
11. Guildford WJ, Bauman JG, Skuballa W, Bauer S, Wei GP, Davey D, Schaefer C, Mallari 
C, Terkelsen J, Tseng JL, Shen J, Subramanyam B, Schottelius AJ and Parkinson J (2004). 
Novel 3-oxa lipoxin A4 analogues with enhanced chemical and metabolic stability have 
anti-inflammatory activity in vivo. J Med Chem, 47, 2157-2165.  
 
12. Madrid LV, Wang CY, Guttridge DC, Schottelius AJ and Baldwin Jr AS (2000). Akt 
suppresses apoptosis by stimulating the transactivation potential of the RelA/p65 subunit 
of NF-kappa B. Mol Cell Biol 20, 1626-1638.  
 
13. Malý P, Thall A, Petryniak B, Rogers CE, Smith PL, Marks RM, Kelly RJ, Gersten KM, 
Cheng G, Saunders TL, Camper SA, Camphausen RT, Sullivan FX, Isogai Y, Hindsgaul 
O, von Andrian UH, Lowe JB (1996). The alpha(1,3)fucosyltransferase Fuc-TVII controls 
leukocyte trafficking through an essential role in L-, E-, and P-selectin ligand biosynthesis. 
Cell 86, 643-653. 
 
14. Reiss Y, Proudfoot AE, Power CA, Campbell JJ, Butcher EC (2001). CC chemokine 
receptor (CCR)4 and the CCR10 ligand cutaneous T cell-attracting chemokine (CTACK) 
in lymphocyte trafficking to inflamed skin. J Exp Med. 19, 1541-1547.  
                                                                                                                                                                   
15. Schäcke H, Schottelius A, Hennekes H, Strehlke P, Jaroch S, Schmees N, Rehwinkel H, 
Döcke W-D and Asadullah K (2004). SEGRAs: a novel class of anti-inflammatory 
compounds. Proc Nat Acad of Sci USA 101, 227-232. 
  
16. Schäcke H, Hennekes H, Schottelius A, Jaroch S, LehmannM , Schmees N, Rehwinkel H, 
and Asadullah K (2002). Dissociation of transactivation from transrepression activity by 
selective glucocorticoid receptor agonists (SEGRAs) leads to separation of therapeutic 
effects from certain side effects – SEGRAs: a novel class of anti-inflammatory 
compounds. Ernst Schering Research Foundation Workshop 40, 357-371. 
 
17. Schottelius A, Wedel S, Weltrich R, Rohde W, Buttgereit F, Schreiber S and Lochs H 
(2000). Higher expression of glucocorticoid receptor in peripheral mononuclear cells in 
inflammatory bowel disease. Am J Gastroenterol 95, 1994-1999.  
 
18. Schottelius A, Mayo M, Sartor RB and Baldwin AS (1999). Interleukin-10 signaling blocks 
inhibitor of B kinase activity and Nuclear Factor B DNA-binding. J Biol Chem 274, 
31868-31874 
 
19. Schottelius A and Baldwin AS. In Stallmach et al (1999). Mechanisms and clinical efficacy 
of Interleukin-10. Falk Symposium 104 - Induction and Modulation of Gastrointestinal 
Inflammation, Kluwer Academic Publishers, Lancaster, UK.  
 
Habilitationsschrift - Dr. med. Arndt Schottelius 
12 
 
20. Schottelius A, Mayo M, Sartor RB and Baldwin AS. In Rogler et al (1999). Interleukin-10 
inhibits nuclear factor kappa B by distinct mechanisms. Falk Symposium 111 – IBD at the 
End of its First Century, Kluwer Academic Publishers, Lancaster, UK.  
 
21. Schottelius A and Baldwin AS (1999). A role for transcription factor NF-kappa B in 
intestinal inflammation. Internat J Colorect Dis 14, 18-28.  
 
22. Schottelius AJ and Dinter H (2006). Cytokines, NF-B, microenvironment, intestinal 
inflammation and cancer. Cancer Treat Res, 130, 67-87. 
  
23. Schottelius A and Dinter H, Dalgleish A and Haeffner B (2006). Cytokines, NF-B, 
microenvironment, intestinal inflammation and cancer. The Link between Inflammation and 
Cancer – Wounds that do not heal, Springer US. 
  
24. Schottelius AJ, Moldawer LL, Dinarello C, Asadullah K, Sterry W, and Edwards, CK III 
(2004). Biology of Tumor Necrosis Factor- (TNF) – implications for psoriasis. Exp 
Dermatol, 13, 193-222. 
  
25. Schottelius A, Asadullah K, Sterry W and Edwards C III. In Asadullah and Sterry (2006). 
Anti-TNF therapy in dermatology. Cytokine and Anti-Cytokine Therapy in Dermatology, 
Transworld Research Network, Kerala, India.  
 
26. Schottelius AJ, Giesen C, Asadullah K, Bauman J, Guilford W, Perez HD, Fierro I, 
Colgan S, Serhan CN and Parkinson JF (2002). An aspirin-triggered Lipoxin A4 stable 
analog displays a unique topical anti-inflammatory profile. J Immunol 169, 7063-7070. 
  
27. Schottelius AJ, Zügel U, Döcke WD, Zollner TM, Röse L, Mengel A, Buchmann B, 
Becker A, Grütz G, Naundorf S, Friedrich A, Gaestel M, Asadullah K. (2010). The role of 
mitogen-activated protein kinase-activated protein kinase 2 in the p38/TNF-alpha 
pathway of systemic and cutaneous inflammation. J Invest Dermatol 130, 481-489. 
  
28. Schottelius A, Hamann A and Asadullah K (2003). Role of fucosyltransferases in 
leukocyte trafficking: major impact for cutaneous immunity. Trends Immunol 24, 101-104. 
  
29. Schottelius A. (2013). The role of GM-CSF in multiple sclerosis. Drug Res 63 Suppl 1: S8. 
  
30. Schottelius A, Lowe JB and Asadullah K (2002). Deficiency of alpha (1,3) 
Fucosyltransferase VII has distinct effects in Th1 and Th2 models of skin inflammation.  
J Invest Dermatol 119, 207–350, Abstract 678. 
 
31. Schreiber S, Rosenstiel P,  Hampe J, Nikolaus S, Groessner B, Schottelius A, Kühbacher 
T, Hämling J, Fölsch UR and Seegert D (2002). Activation of Signal Transducer and 
Activator of Transcription (STAT) 1 in human chronic inflammatory bowel disease.      
Gut 51, 379-385. 
 
Habilitationsschrift - Dr. med. Arndt Schottelius 
13 
 
32. Schreiber S, Nikolaus S and Hampe J (1998). Activation of nuclear factor kappa B in 
inflammatory bowel disease. Gut 42, 477-484. 
 
33. Schreiber S und Schottelius A. In Fölsch/Kochsiek/Schmidt (2000). Pathophysiology of 
Inflammatory Bowel Disease. Pathophysiologie des Menschen, Springer Verlag Heidelberg. 
 
34. Syrbe U, Jennrich S, Schottelius A, Richter A, Radbruch A and Hamann A (2004). 
Differential regulation of P-selectin ligand expression in naïve versus memory T cells: 
evidence for epigenetic regulation of involved glycosyltransferase genes. Blood, 104, 3243-
3248. 
 
35. Von Ahsen O, Voigtmann U, Klotz M, Nifantiev N, Schottelius A, Ernst A, Müller-
Tiemann B, Parczyk K. (2008). A miniaturized high-throughput screening assay for 
fucosyltransferase VII. Anal Biochem 372, 96-105. 
 
36. Wang X, Fujita M, Prado R, Tousson A, Hsu HC, Schottelius A, Kelly DR, Yang PA, Wu 
Q, Chen J, Xu H, Elmets CA, Mountz JD, Edwards CK 3rd. (2010). Visualizing CD4 T-
cell migration into inflamed skin and its inhibition by CCR4/CCR10 blockades using in 
vivo imaging model. Brit J Dermatol, 162, 487-96. 
  
37. Wright HL, Bucknall RC, Moots RJ, Edwards SW (2012). Analysis of SF and plasma 
cytokines provides insights into the mechanisms of inflammatory arthritis and may predict 
response to therapy. Rheumatology, 51, 451-459.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Habilitationsschrift - Dr. med. Arndt Schottelius 
14 
 
CURRICULUM VITAE 
Dr. med. Arndt J. G. Schottelius 
 
PROFESSIONAL EXPERIENCE 
 
Kymab Ltd, Cambridge, UK 
Executive Vice President of Research & Development   05/2017 – present 
 
 Responsible for technology development, antibody discovery research, preclinical and clinical 
development 
 3 development programs (anti-OX40L in autoimmune diseases, anti-ICOS in cancer and anti-
BMP6 anemia of chronic inflammation) 
 12 discovery programs in different stages of development 
 
 
MorphoSys AG, Munich/Martinsried 
Chief Development Officer (CDO)/      12/2008 – 04/2017 
Entwicklungsvorstand 
 
 Built all development functions and hired exceptional functional leaders for preclinical 
development, clinical research, clinical operations, drug safety, regulatory affairs, quality assurance 
and project management; leading CDO area of more than 70 people 
 Responsibility for all strategic and operational tasks within proprietary development 
 Responsible for Proprietary Development Budget exceeding € 75m 
 Proprietary Research and Development Portfolio encompasses 14 programs: 
 
 MOR208 (anti-CD19 Fc enhanced mAb; ongoing Phase II studies in B-cell malignancies) 
 MOR202 (anti-CD 38 mAb; ongoing Phase II studies in multiple myeloma) 
 MOR209 (anti-PSMA/CD3 bispecific mAb; ongoing Phase I in castrate resistant prostate 
cancer) 
 MOR106 (target not disclosed; ongoing Phase I in inflammation) 
 MOR107 (Angiotensin Type II receptor agonist peptide; Phase I planned in 2016; 
fibrosis) 
 MOR103/ GSK3196165 (anti-GM-CSF mAb; out-licensed to GSK; ongoing Phase IIb in 
RA and Phase IIa in inflammatory hand osteoarthritis) 
 Immuno-Oncology program (MHC-associated peptides; collaboration with Immatics) 
 Immuno-Oncology program (target not disclosed; collaboration with Merck Serono) 
 Six discovery stage programs (targets not disclosed) 
 
 Brought five therapeutic antibody programs into clinical development and in close collaboration 
with Chief Scientific Officer advanced discovery programs into preclinical development 
 Developed human monoclonal antibody directed against GM-CSF (MOR103) to strong clinical 
proof-of-concept Phase IIa data in RA and established first positive Phase Ib safety data in MS 
leading to attractive partnership deal with GSK 
 Established strong preclinical data for human antibody directed against CD38 (MOR202) in 
multiple myeloma and brought into Phase I/IIa leading to highly attractive co-development 
partnership with Celgene. Advanced program to robust clinical proof-of-concept.  Leading efforts 
to design and implement pivotal combination study for anti-CD38 mAb program in multiple 
myeloma. Championed efforts to develop anti-CD38 in autoimmune disease. 
 Instrumental in in-licensing humanized anti-CD19 Fc-enhanced monoclonal antibody (Xmab 
5574/MOR208) and anti-PSMA/CD-3 bispecific mAb (ES414/MOR209) to broaden portfolio. 
Part of Joint Steering Committee moving the program into Phase I in prostate cancer patients.  
 Drove strategic direction and development of MOR208 program into multiple fully sponsored 
monotherapy and combination therapy Phase II trials in CLL, ALL and NHL as well as 
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investigator sponsored studies in CLL and ALL. Led all efforts to design, achieve regulatory 
clearance and implement fast-to-market development path with Phase II/III pivotal combination 
study in DLBCL  
 Successfully interacted with FDA and European authorities to achieve Orphan Drug and Fast-
track designations for MOR208 anti-CD19 in the US and Europe 
 Built network of and close interaction with top thought leaders in indications relevant for 
portfolio 
 Responsible liaison and regular strategic reviews with Chief Scientific Advisor to MorphoSys 
 Implemented Strategic Scientific Advisory Board with top thought leaders from US and Europe 
 Very close collaboration with Business Development (co-lead) in selecting, reviewing and 
executing in-licensing projects and in partnering own proprietary programs 
 
 Member and active participation in Joint Development Committees with GSK (MOR103 anti-
GM-CSF), with Celgene during active partnership with MOR202 (anti-CD38) and with Emergent 
Biosolutions for MOR209 (anti-PSMA/CD3) 
 Regular active participation of major international scientific conferences and scientific advisory 
board meetings for proprietary programs (immunology/inflammation/auto-immune & 
oncology/hem-onc/immuno-oncology) 
 Implemented robust quality management system and SOPs for all development areas resulting in 
multiple successful and smooth authority GCP & GMP inspections 
 Built highly functional and scalable project management system and team structures securing 
strong project leadership, team collaboration, execution on timelines and within budget 
 Implemented and chair Development Review Committee (regular rigorous strategic and technical 
review of all preclinical and clinical programs in proprietary development; review of GLP-tox 
studies, preclinical disease model data, indication selection, designs and plans for early and late 
stage clinical studies, CTA/IND packages and other authority submissions) 
 Executive member of Portfolio Management Group and instrumental in implementing of 
portfolio reviews 
 Management Board position further includes the following responsibilities:  
 Setting overall strategy for the company 
 Selection of targets and lead indications for discovery programs 
 Active participation and decision making in regular cost center and budget reviews 
 Direction and prioritization of in-licensing and M&A projects 
 Executive presentations and updates to supervisory board and Science & Technology 
Committee 
 Representing the company at investor meetings and regular direct interactions with 
investors and analysts at major healthcare conferences in the US and Europe 
 
Genentech, South San Francisco, CA              
Medical Director, Immunology Tissue Growth & Repair Clinical Development 8/2007 – 12/2008 
 
Clinical Scientist & Medical Monitor for Phase III studies with Rituximab & Ocrelizumab in RA 
 Medical Monitoring of IMAGE & FILM studies 
 Management of Quintile’s medical monitoring activities 
 Ongoing response to questions & assessment of issues which require input or intervention by 
sponsor (e.g. queries from sites/IRBs regarding ICFs) 
 Biweekly review of study-specific data from the safety database and the review of IND safety 
reports for the Rituxan and 2H7 immunology programs 
 Interface with and facilitation of study and program-specific issues between the global partners, 
GNE staff and CRO 
 Regular participation in Rituxan & 2H7 RA Clinical Study Team (CST) meetings 
 Development and review of study-related documents including those specified as CST 
deliverables 
 Analysis and interpretation of study specific data 
 Assembled pre-meeting package and Type C meeting with FDA to discuss utility of MRI in RA 
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Genentech, South San Francisco, CA 
Director, Immunology Tissue Growth & Repair Early Development  1/2005-8/2007 
 
Directing pre-clinical development of all protein, antibody and small molecule therapeutics in the areas of 
immunology and tissue growth & repair (ITGR) 
 Providing scientific and strategic guidance and oversight to Early Development Teams and 
guiding all activities to IND-filing (including research studies, assay development, PK/PD studies, 
safety studies, CMC activities, indication selection, generation of target product profile, clinical 
development strategy and plan, diagnostic strategy and plan, market assessment & strategy,  
program valuation including costs, timelines, peak revenues and net present value) 
 Providing intensive hands-on interactions with Early Development Team Leaders and 
management to ensure programs achieve development milestones and product values are 
maximized 
 Overall accountability for IND filings with FDA 
 Overseeing budgeting, planning processes and staffing on ITGR Early Development Teams 
 
Major Accomplishments at Genentech             1/2005-12/2008 
 
Direction & Leadership of Early Development Teams 
 Directed early development and successful IND-submissions of two therapeutic antibodies for asthma 
and systemic lupus erythematosus. 
 HAE1 (high affinity anti-IgE mAb for mild to moderate asthma) 
 Anti-IFNalpha (active systemic lupus) 
 Directed seven additional early development projects towards IND-submission 
 Anti-beta7 etrolizumab; now in Phase III for ulcerative colitis 
 Anti-OX40L (asthma) 
 Anti-BR3 (rheumatoid arthritis) 
 Anti-CD4 (rheumatoid arthritis, lupus and multiple sclerosis) 
 STIgMA (age-related macular degeneration)  
 Anti-Abeta crenezumab; now in Phase III for Alzheimer’s Disease 
 Anti-oxLDL (diabetic patients with history of myocardial infarction) 
 
 Co-led effort to create pre-Early Development Core Teams to enable a smooth transition from Late 
Stage Research into Early Development 
 As Early Development Team Leader led development assessment of anti-IL13 lebrikizumab 
therapeutic antibody (Tanox) and successfully gained Portfolio Planning Committee approval for clinical 
development in asthma; now in Phase III for severe asthma 
 As Diagnostic Subteam Leader initiated diagnostic program for the discovery and development of 
predictive biomarkers in the anti-IgE franchise  
 Built ITGR Early Development group and hired two full-time Early Development Team Leader 
 Supervised staff of 4-6 Early Development Team Leaders, who lead all pre-clinical development 
activities on an Early Development Project Team (including 4 Senior Scientists and one Associate 
Director) 
 
Membership in key executive review committees & Sponsorship for Early Development Teams 
 Influenced company key research & development and strategic portfolio management decisions as 
member of Immunology Tissue Growth & Repair Development Review Committee and Research Review Committee 
(ad-hoc) 
 Sponsorship for all ITGR Early Development Teams at pre-IND Development Review Committee 
and IND Strategic Review Committee presentations 
 Sponsorship for Development Sciences Information Technology Systems Governance Committee, which defined 
and managed the IT strategy & prioritizes, executes and integrates IT initiatives 
 Provided guidance to teams for diagnostic and imaging strategies and plans as member of Diagnostic 
Coordination Committee and Imaging Council 
 
Early Development Portfolio Management 
 Co-developed and applied tier system for  Early Development project prioritization 
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 Co-designed and implemented Early Development Pipeline tool with key milestones, project 
background and links to monthly project reports 
 Co-chaired quarterly pre-PUB review of Early Development programs 
 
Business Development Activities 
 Served as the Development Sciences SPOC for multiple business development opportunities in 
ITGR; coordinated pre-clinical due diligence activities on several business development teams 
 
Direction/Guidance in Strategic Alliances 
 Membership of Joint Development Committee with ToleRx (anti-CD4 mAb) – reviewed and 
negotiated material production, pre-clinical plans and clinical development plans and timelines 
 In collaboration with Alliance Management clarified JRCS/JDCC responsibilities and transition 
process for anti-OX40L project and guided team through transition 
 Facilitated and maintained open communication with development partners (TolerRx & Roche) 
 
Process Improvements 
 Streamlined IND construction and review process for large and small molecules, resulting in more 
efficient process and shorter timelines to IND 
 Led cross-functional initiative to streamline development assessment process for Early Development 
projects to improve efficiency in generation of target product profiles, clinical development plans and 
program valuations 
 
Innovation & Leadership Development 
 Led initiative to support innovation and scientific leadership in Development Sciences 
Organization 
 Initiated scientific leadership goals and designed & implemented scientific leadership development 
program in Development Sciences (“Leading Scientific Innovation”) 
 
Education & Training 
 Led initiative to improve education and training on early development teams 
 Designed and rolled-out new Early Development educational forum and supportive web-based 
tools (Early Development Case Studies) 
 Co-designed and implemented Early Development Website containing tool kit with key guidance 
documents and templates to guide and train Early Development Teams 
 
Berlex Biosciences, Richmond, CA           2003 – 2005 
Subsidiary of Schering AG 
Senior Scientist and Acting Head, Research Business Area Dermatology 
 
Discovery and pre-clinical development of antibody and small molecule inhibitors for the treatment of 
inflammatory diseases 
 Hired key scientific personal to establish new inflammation/dermatology group at Berlex 
 Designed and implemented new laboratory for dermatology research group 
 Established network and collaborations with key opinion leaders in dermatology and inflammation 
 Initiated concept research proposal and led project team with the aim to identify a bispecific 
monoclonal antibody directed against CCR4 and CCR10 to treat inflammatory skin diseases 
 Initiated immunizations and fusions, set up external collaborations to establish a novel animal model 
to screen leukocyte trafficking 
 
Schering AG, Berlin, Germany (today part of Bayer AG)         1999 - 2003 
Scientist, Research Business Area Dermatology 
 
Discovery and pre-clinical development of small molecule inhibitors for the treatment of 
inflammation/autoimmune diseases and inflammatory skin diseases.  
 
 Led and coordinated all in vivo screening of Selective Glucocorticoid Receptor Agonist compounds; 
successful identification of potential development candidates; establishment of clinical biomarkers 
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and co-development of new formulations 
 Initiated concept research project and led project team for the identification of a lead compound to 
inhibit a glykosyltransferase for the treatment of inflammatory skin diseases. Coordinated all 
research activities in chemistry and biology; project received high priority status 
 Led in vivo activities for several projects (stable Lipoxin A4 analogue, kinase inhibitors, IL-10 
inducers, chemokine receptor antagonist) to identify compounds with efficacy in inflammatory 
disease 
 Member of the Review Board for internal research projects 
 Member of the Business Development Team  (interdisciplinary team formed by the Business Unit 
Dermatology with one representative from the functions Marketing, Clinical Development and 
Research with the task to establish business development strategies for a specific indication) 
 Organization of an international workshop of the Ernst Schering Research Foundation with key 
opinion leaders in the field (“Leukocyte Trafficking: Role of Fucosyltransferases and Selectins”) 
 
 
Charité University Hopsital, Berlin, Germany            1995 - 1997 
Resident physician, 4th Medical Department for Gastroenterology, Hepatology & Endocrinology 
 
 Residency training in internal medicine 
 Research association with the Mucosal Immunology Group (Mentor: Stefan Schreiber, M.D.) 
 Investigated the regulation of glucocorticoid receptor expression in inflammatory bowel disease 
 Studied regulation of the NF-B/IB and STAT1 Systems in Patients with IBD 
 Subinvestigator in two treatment protocols using human recombinant Interleukin-10 (Essex 
Pharma/Schering-Plough) in steroid refractory Crohns disease and ulcerative colitis and studying 
function and regulation of NF-B in steroid refractory disease 
 
 
EDUCATION 
 
High School Diploma, Clymer, New York (AFS Exchange Program)    1984 
Graduation from German High School                             1986 
 
Medical School:                  1988 – 95 
 Albert-Ludwigs-University Freiburg, Germany 
 Doctoral thesis: “Expression and Structure of the p53 Tumor Suppressor  
Gene in Cells of Acute Myeloid Leukemia”, 
Department of Hematology/Oncology, University Freiburg Medical Center 
 (grade “magna cum laude”). 
 
 Study Year at the Royal Free Hospital School of Medicine, London, UK           1992 - 93 
 Final year medical school: Eberhard-Karls-University Tübingen            1994 - 95 
 Electives in Basle, Switzerland and New York City 
 Graduation, M.D.                 1995 
 
POSTGRADUATE TRAINING AND FELLOWSHIP APPOINTMENTS 
 
Postdoctoral Fellow, Laboratory of Albert S. Baldwin, Jr., Ph.D.,              1997 - 99 
Professor of Biology, Associate Director, Lineberger Comprehensive Cancer Center, University of North  
Carolina, Chapel Hill, NC, USA 
 
 Close cooperation with R. Balfour Sartor, M.D., Center for IBD Research and Advanced Treatment, 
UNC 
 Studying the molecular mechanisms involved in the inhibition of NF-B by IL-10 
 Elucidating the role of intrinsic IL-10 in regulating NF-B activation and apoptosis in the IL-10 
knock-out mouse 
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ACADEMIC HONORS AND AWARDS 
 
Selection for the American Field Service (AFS) Exchange Program                         1983 - 84 
Scholarship of the German National Scholarship Foundation                           1990 - 95 
(“Studienstiftung des deutschen Volkes”) 
Research Fellowship Award by the Crohn’s & Colitis Foundation of America                        1998 - 99 
 
PROFESSIONAL MEMBERSHIPS 
 
American Association of Immunology 
American College of Rheumatology 
American Society of Clinical Oncology 
Society for Immunotherapy of Cancer 
     
 
LEADERSHIP & DRUG DEVELOPMENT TRAINING 
 
 Member of the “Support & Challenge Group” (Schering AG): highly selective participation for 
intense training in project leadership skills/management 
 Project Management Courses (Berlex): Leadership, Teambuilding, Negotiation skills and Problem 
Solving 
 “Developing the Strategic Leader” (Center for Creative Leadership), Colorado Springs, CO 
 “Leading Scientific Innovation” (Genentech): Designed and initiated program for scientific leaders to 
foster innovation and creativity 
 Advanced Course in Immunology, Stanford University 
 Toxicology in the Nonclinical Development of Drugs and Biologics (PERI), Baltimore, MD 
 Leadership and Strategy in Pharmaceuticals and Biotech, Harvard Business School, Boston, MA 
 
 
INVITED LECTURES/ORAL PRESENTATIONS 
 
Mechanisms and Clinical Efficacy of Interleukin-10 
Falk Symposium 104 - Induction and Modulation of Gastrointestinal Inflammation, Saarbrücken, 
Germany March 5 -7 1998 
 
Anti-Inflammatory Cross-Talk Into the NFB System 
Etiology and Pathophysiology of Chronic Intestinal Inflammation, Ferring Workshop, University of Kiel 
Medical Center, Germany March 20 1998 
 
Molecular Mechanisms for the Inhibition of NF-B by IL-10 
53th Meeting of the German Society for Digestive Diseases and Metabolism, Kiel, Germany September 1-6 
1998 
 
IL-10 Inhibits NFB Activity and Renders HT-29 Cells Sensitive to TNF- Induced Apoptosis 
University of Heidelberg Medical Center, Germany March 1 1999 
 
Role of NFB in Cancer and Apoptosis 
55th Meeting of the German Society for Digestive Diseases and Metabolism, Hamburg, Germany 
September 1-6 2000 
 
Broad Topical Efficacy of a Stable Lipoxin A4 Anolog in Skin Inflammation 
Meeting of the Society for Dermatological Research, Hamburg, Germany, February 15-17 2001 
 
Pathophysiology and Therapy of Rheumatoid Arthritis/Novel targets in autoimmunity 
Clinical Immunology Lecture Series, Charité University Hospital, Berlin, Germany, February 2003 
 
Selective Glucocorticoid Receptor Agonists 
“Trends and perspectives for the therapy of inflammatory skin disorders” Symposium organized by CRBA 
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Dermatology, Schering AG/Berlex, Berkely, USA, October 2003 
 
Targeting the NF-B Pathway for Inflammatory Disease 
Navigating the NF-B Pathway for Drug Development, Conference, American Conference Institute, Boston, 
October 27-28, 2004 
  
Decision-Making in Early Drug Development, Invited Presentation at the German-American Business 
Association, San Francisco, February 8, 2006 
 
Monoclonal Antibodies as Key Growth Components, 8th annual bioLogic Europe 2007 conference, Geneva, 
Switzerland, June  11-14, 2007 
 
Early Drug Development, Lecture during course “Introduction to Biotechnology” (Prof. Cliff Wang), 
Stanford University, May 10, 2008 
 
Reverse Brain Drain, Going Public Conference, Munich, Germany, April 17, 2009 
 
Decision making on location for clinical development, 26th DGPharMed (German Association for Pharmaceutical 
Medicine) Conference, Cologne, Germany, March 2010 
[besser durchgehend Kleinschreibung der Titel, wie ab hier nach unten] 
 
The development of therapeutic antibodies at MorphoSys, Life Sciences Conference at Bird&Bird law firm, Munich, 
November 18, 2010 
 
Optimized antibodies for the therapy of leukemias: MOR208, a new compound for the treatment of cancer, German 
Science Day, Berlin, February 2012 
 
Anti-GM-CSF antibodies in multiple sclerosis, Symposium Paul-Martini Foundation, Berlin November 2013 
 
Autoimmune disease: finding early differentiation in crowded markets, Panelist at Panel Discussion BioEurope, 
Turine, March 2014 
 
Early clinical development and timely decision-making, Yearly Convention of the German Association of 
Pharmaceutical Medicine, Berlin, March 2015 
 
How to Grow a Sustainable Biotech Company? Three Success Stories, Panelist at Panel Discussion Bio International 
Convention, Philadelphia, June 2105 
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